Purpose To compare the expression profile of developmentally important genes between hand-made cloned buffalo embryos produced from reprogramming of donor cell with oocyte extracts and selection of recipient cytoplast through brilliant cresyl blue staining and in vitro fertilized (IVF) embryos. Methods Hand-made cloned embryos were produced using oocyte extracts treated donor cells and brilliant cresyl blue (BCB) stained recipient cytoplasts. IVF embryos were produced by culturing 15-20 COCs in BO capacitated sperms from frozen thawed buffalo semen and the mRNA expression patterns of genes implicated in metabolism (GLUT1), pluripotency (OCT4), DNA methylation (DNMT1), pro-apoptosis (BAX) and anti-apoptosis (BCL2) were evaluated at 8-to16-cell stage embryos. Results A significantly (P<0.05) higher number of 8-to16-cell and blastocyst stages (73.9 %, 32.8 %, respectively) were reported in hand-made cloning (HMC) as compared to in vitro fertilization (49.2 %, 24.2 %, respectively). The amount of RNA recovered from 8-to 16-cell embryos of HMC and in vitro fertilization did not appear to be influenced by the method of embryo generation (3.76±0.61 and 3.82±0.62 ng/μl for HMC and in vitro fertilization embryos, respectively). There were no differences in the expression of the mRNA transcripts of genes (GLUT1, OCT4, DNMT1, BAX and BCL2) were analysed by real-time PCR between hand-made cloned and IVF embryos. Conclusions Pre-treatment of donor cells with oocyte extracts and selection of developmentally competent oocytes through BCB staining for recipient cytoplast preparations may enhance expression of developmentally important genes GLUT1, OCT4, DNMT1, BAX, and BCL2 in hand-made cloned embryos at levels similar to IVF counterparts. These results also support the notion that if developmental differences observed in HMC and in vitro fertilization produced foetuses and neonates are the results of aberrant gene expression during the pre-implantation stage, those differences in expression are subtle or appear after the maternal to zygotic transition stage of development.
Introduction
Somatic cell nuclear transfer (SCNT) through zona-free approach or hand-made cloning (HMC) has emerged as a more efficient as well as economical technique in comparison to the traditional micromanipulator-based approaches [1] , and has been successfully used to produce cloned offsprings' in several livestock species including cattle [2] , pigs [3] and buffalo [4] . Although HMC has been performed in buffalo in certain laboratories, reconstruction of embryos remains one of the most difficult and demanding part of SCNT procedures in this species [5] . The efficiency of obtaining live offspring from cloned buffalo embryos is still very low [5] . Although some information is available on HMC in buffalo regarding the comparison between in vitro culture conditions and examining the effect of source of donor nucleus [6] and much more information needs to be generated to enable large scale application of HMC technology to this species.
Reprogramming of a differentiated cell nucleus by SCNT is an inefficient process, following nuclear transfer, the donor nucleus often fails to express early embryonic genes and establish a normal embryonic pattern of chromatin modifications [7] [8] [9] . Relative studies have provided evidence that this low efficiency was due to incomplete reprogramming of donor nuclei [10] [11] [12] . Recent reports suggested that Xenopus laevis egg extracts had the ability to reprogram mammalian somatic cells to express stem cell gene OCT4 and the cells could be partially reprogrammed to an embryonic state [13] . The remodelled cells acquired the capacity of dedifferentiation through cell culture [14] [15] [16] . The embryos reconstructed from cumulus cell nuclei treated with oocytes cytoplasmic lysates resulted in high quality blastocyst at a rate about three times greater than control in mouse model [17] . Extracts of porcine oocytes system activated pluripotent marker gene, especially NANOG, and induced partial differentiation of fibroblast cell culture [18] . Extract of bovine oocytes induced epigenetic reprogramming of yak fibroblasts, had made them suitable donors for yak inter-species SCNT [19] . However, the gene expression profiles of developmentally important genes in cloned embryos derived from extract treated donor cells have not been studied.
The follicular oocytes used in SCNT are commonly recovered from ovaries of slaughtered bovine of unknown age, breed, health status and reproductive performance [20] . The immature oocytes are routinely selected based on compaction of cumulus corona investment and the homogeneity of the ooplasm, this may reduce the yield of transferable embryos, as some oocytes with apparently normal morphology are in the early stage of degeneration [21] . Therefore, finding a non-invasive and nonperturbing method for selection of oocytes prior to culture has become of prime importance. It is generally believed that glucose-6-phospahte dehydrogenase (G6PDH) protein is active in the growing oocytes, but has decreased activity in oocytes that have finished their growth phase [22] . Brilliant cresyl blue (BCB) test based on the capability of G6PDH to convert the BCB stain from blue to colorless, thus oocytes that have finished their growth phase show a decreased G6PDH activity and exhibit a cytoplasm with a blue coloration (BCB + ) while growing oocytes are expected to high level of active G6PDH which results colorless cytoplasm (BCB − ) [23] . It was reported that BCB + oocytes yielded significantly higher blastocyst development rather than BCB − and control oocytes in pig [24] , goat [25] , bovine [26, 27] and sheep [28] . However, whether BCB + oocytes enhance the viability of HMC buffalo embryos in terms of developmentally important genes expression is unknown.
In mammalian development, two major reprogramming events occur, both involving epigenetic modification. The first occurs during germ cell development and second during preimplantation development [29] . The latter reprogramming event which is critical for zygote development is initiated around 8-to 16-cell stage in bovine and is termed maternal to zygotic transition (MZT) [30, 31] . During MZT, the embryo undergoes several important physiological events including modification of chromatin structure [32] and de novo methylation of DNA [33] . One challenge in SCNT pre-implantation embryos is to not only initiate new gene expression at MZT, but also to turn off the expression of somatic donor cell gene at the same time [34] .
Gene expression analysis of pre-implantation embryonic development provides important information to understand the changes an organism undergoes in the transition from gametes to a pluripotent embryo and into the earliest stages of cell differentiation [35] . Gene expression varies according to the respective in vitro embryo production system and nuclear transfer (NT) protocol [36] [37] [38] . Studies of the effects of SCNT on gene transcripts in SCNT-derived embryos showed that various modifications of the NT protocol (source of donor cells, passage number of donor cells, cell cycle stage of donor cells, activation protocol) have distinct effects on embryonic gene expression patterns [39, 40] . The delayed onset or absence of embryonic transcription of genes in NT embryos indicates an incomplete reprogramming of the donor nuclei with which the embryos were reconstructed, in addition, the identification of genes whose expressions profiles are frequently abnormal in cloned embryos will provide markers for the diagnosis of cloned embryo viability prior to embryo transfer and, therefore, potentially negate the time and money-consuming transfer of non-viable embryos to recipient animals [41] . Although the morphologic appearance of SCNT embryos does not differ from that of in vitro fertilized (IVF) embryos, the potential to develop to term dramatically differs between SCNT and IVF embryos [42, 43] .
Markers that will be useful for predicting the potential of NT embryos to develop into young ones are needed [44] . So far, no studies have been conducted at the developmentally important gene expression levels in buffalo HMC embryos at MZT period. Here, mainly focus is on the differences in developmentally important gene expression patterns in preimplantation zona-free SCNT derived buffalo embryos at MZT period using IVF embryos as control. Because this is the stage at which the embryonic genome becomes transcriptionally active, failures in reprogramming of the donor nucleus may become readily apparent and such studies also evaluate the "normality" of in vitro produced or manipulated embryos [34] . The products of these genes play important roles during pre-implantation and post-implantation development and, hence, have the potential to be used as genetic markers for embryo viability [45, 46] . They are thought to be involved in numerous biological processes including metabolism (GLUT1), pluripotency (OCT4), DNA methylation (DNMT1), pro-apoptosis (BAX) and anti-apoptosis (BCL2).
IVF embryos are used as control in this study, because in vivo water buffalo embryos are difficult to obtain. Although IVF embryos have less developmental competence than those produced in vivo, they do not suffer the extreme embryonic ⁄ foetal loss that is commonly seen in SCNT studies [45] . Additionally in bovine SCNT studies, IVF embryos are commonly compared with SCNT embryos which are more readily obtained [10, 34, 41, 46, 47] . The successful reprogramming of a somatic cell by factors present in a cytoplast would result in an embryo with the same profile of gene transcription as that seen in embryos produced by in vitro fertilization procedures [41] . Therefore, comparing IVF embryos with those produced by SCNT is a meaningful and well accepted alternative.
Keeping in view the aforesaid realities, the present study is conducted with the objective to investigate the in vitro developmental competence of hand-made cloned buffalo embryos derived from pre-treatment of donor fibroblast with oocytes extract and selection of developmentally competent oocytes through BCB staining for recipient cytoplast preparations in terms of difference in gene expression profile of developmentally important genes during MZT period using IVF embryos as control. The results of these studies may help in evaluating the viability of manipulated hand-made cloned buffalo embryos.
Materials and methods

Chemicals
The different ready to use liquid media used in the present study for the culture of oocytes/embryos and somatic cells, which included tissue culture medium-199 (TCM-199), Dulbecco's modified Eagle's medium (DMEM) were purchased from Sigma Chemical Co., St. Louis, MO, USA, unless otherwise indicated. Various supplements, which included bovine serum albumin (BSA), antibiotics (gentamicin, penicillin and streptomycin), L-glutamine, sodium pyruvate, vitamins, non essential amino acids, fatty acid-free BSA, heparin, caffeine and other chemicals used for in vitro embryo production and for culture of cells in various experiments were also purchased from Sigma Chemical Co., St. Louis, MO, USA, unless otherwise indicated. Most of the chemicals used in the present study were of embryo or cell culture tested grade. Fetal bovine serum (FBS) was from Hyclone (Thermo Scientific, Wilmington, DE, USA), FBS used was from the same batch throughout the study. The reagents for molecular biology work were of biotechnology grade and purchased from Invitrogen (USA) and Fermentas (USA) unless otherwise indicated.
Collection of oocytes
In brief, ovaries from reproductive organs of adult, apparently healthy female buffaloes collected from abattoir within 30 min of slaughter were washed three times with warm isotonic saline (35°C -37°C) containing 400 IU/ml penicillin and 500 μg/ml streptomycin and transported to the laboratory within 4-6 h and aspiration of cumulus oocyte complexes (COCs) were performed as described by Chauhan et al. [48] with some modifications. Oocytes from follicles (2 to 8 mm) were aspirated with 18 gauge needle attached to 10 ml syringe (Sigma, Cat. No. Z248029) loaded with aspiration medium (TCM-199 containing 0.3 % BSA, 0.1 mg/ml glutamine and 50 μg/ml gentamicin). The oocytes were washed four to six times with the washing medium, which consisted of TCM-199 with 10 % FBS, 0.09 mg/ml sodium pyruvate, 0.1 mg/ml L-glutamine and 50 μg/ml gentamicin. COCs having a compact and unexpanded cumulus mass with equal to or greater than three layers of cumulus cells and homogenous granular ooplasm were selected.
Brilliant cresyl blue staining
Brilliant cresyl blue staining of selected COCs performed as described by Jiamin et al. [21] with some modifications. Briefly to carry out the BCB test, immediately after oocytes were selected, they were washed three times in Dulbecco's PBS, modified by the addition of 0.4 % BSA (mDPBS). The oocytes were exposed to 26 μM BCB diluted in mDPBS for 90 min at 38.5°C in a humidified air atmosphere. The oocytes were then transferred to mDPBS, washed twice, and examined under a stereo zoom microscope. They were distributed into two groups according to their cytoplasm coloration; those with or without blue coloration of the cytoplasm were designated as BCB + and BCB − , respectively. The concentration of 26 μM had earlier been found to be effective for oocytes of pig [24] , goat [25] and bovine [26] as it was supportive of a high rate of in vitro maturation of selected oocytes without apparent loss of viability. Oocytes of the control group were selected on the basis of COCs having equalled to or more than 3 layers of cumulus cells, and with homogenous, evenly granular ooplasam without exposure to BCB.
In vitro maturation (IVM)
COCs from BCB + , BCB − and control groups were subjected to maturation in IVM media consisted of TCM-199+sodium pyruvate (0.80 mM)+L-glutamine (2 mM)+10 % FBS+5 % follicular fluid (FF)+PMSG (20 IU/ml)+hCG (10 IU/ml)+ gentamicin (50 μg/ml). The pH of the media was adjusted to 7.4 and filtered through 0.22 μm membrane filter (Pall life Sciences, Ann Arbor, USA) immediately before use. The COCs were washed several times with IVM medium and group of 15-20 COCs were placed independently in 100 μl droplets of IVM medium covered with sterilized mineral oil in 35 mm petri dishes and cultured for 21 h under 5 % CO 2 at 38.5°C.
In vitro embryo production through in vitro fertilization
In vitro maturation
COCs having a compact and unexpanded cumulus mass cells and homogenous granular ooplasam were subjected to IVM for 24 h in previously mentioned IVM media.
Sperm capacitation
Spermatozoa were capacitated using Bracket and Oliphant medium (BO) [49] . Semen was obtained from the semen lab of Central Institute for Research on Buffaloes (Hisar, India). In all experiments, frozen semen from the same bull was used.
Frozen semen from buffalo bulls stored in 0.25 ml straws were thawed in water bath at 37°C for 1 min. Spermatozoa were washed twice at 2,500 rpm for 5 min using semen washing solution of BO medium supplemented with 10 μg/ml heparin, 137 μg/ml sodium pyruvate and 1.942 mg/ml caffeine sodium benzoate. The pellet was resuspended in around 0.5 ml of the washing BO medium and the sperm number was counted using haemocytometer and number of spermatozoa were adjusted to be 2×10 6 /ml.
In vitro fertilization procedure
For in vitro fertilization, matured oocytes were washed twice in oocytes washing solution of BO medium and transferred to 50 μl droplets of capacitation and fertilization BO medium (Washing medium supplemented with 10 mg/ml of fatty acid free BSA). The spermatozoa in 50 μl of the capacitation and fertilization BO medium was then added to the droplet containing oocytes, covered with sterile mineral oil and placed in CO 2 incubator at 38.5°C for 18 h for IVF.
In vitro culture (IVC)
At the end of sperm -oocyte 18 h co-incubation, prior to transfer to the IVC droplets, presumed zygotes were washed four times in 400 μl of Research Vitro Cleave medium (K-RVCL-50, Cook®, Australia) supplemented with 1 % fatty acid-free (FAF) BSA and cultured in this medium in a humidified CO 2 incubator at 38.5°C; embryo production rate was examined under inverted microscope (Nikon Inc., Tokyo, Japan) to record the number of cleaved embryos at 48 h post-insemination (h.p.i), percentage of embryos with 8-to 16-cells at 94-96 h.p.i and blastocyst formation at 168-192 h.p.i.
Establishment of fibroblast cell culture
Primary ear fibroblast culture of Murrah buffalo calf established and prepared for HMC as reported earlier by Shah et al. [6] with some modifications. Briefly ear skin samples from new born Murrah buffalo calf were obtained aseptically in sterile phosphate buffered saline (PBS) with 1 % antibiotic-antimycotic solution and transferred to laboratory within 10 min. Tissue samples were washed six times with Dulbecco's phosphate buffered saline (DPBS) and chopped into small pieces (0.5 mm) and the pieces of tissue were transferred to 25 cm 2 culture flasks and cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 2 mM L-glutamine, 15 % FBS, 1 % non essential amino acids, 1 % vitamins and 50 μg/ml gentamicin in a CO 2 incubator (5 % CO 2 in air) at 37°C. Cells were passaged upon reaching 60-70 % confluence by partial trypsinization. Cells forming a confluent monolayer (passage 2-5) were allowed to grow further for 3 days to achieve over-confluence.
Oocytes extract preparation
Buffalo oocytes extract preparation was carried out as described by Xiong et al. [19] with some modifications. Briefly, COCs with expanded cumulus mass were transferred into a 1.5 ml microcentrifuge tube containing 500 μl hyaluronidase (0.5 mg/ml) in T2 (everywhere T denotes HEPES modified TCM-199 supplemented with 2.0 mM L-glutamine, 0.2 mM sodium pyruvate, 50 μg/ml gentamicin and the following number denotes 2 % FBS) and incubated for 1 min at 38.5°C, followed by vortexing (2-3 min). Entirely denuded oocytes with uniformly granular cytoplasm were selected and incubated in pronase (2.0 mg/ml in T10) for 3-5 min at 38.5°C. Oocytes with totally digested zona pellucida were washed twice with extraction buffer (50 mM KCl, 5 mM MgCl 2 , 5 mM ethylene glycol tetraacetic acid (EGTA), 2 mM β-mercaptoethanol, 0.1 mM PMSF, protease inhibitor cocktail, and 50 mM HEPES, pH 7.6) containing an energy regeneration system (ERS: 1 mM ATP, 10 mM phosphocreatine, 25 μg/ml creatine kinase, pH 7.4). Nearly 400 zona-free oocytes were transferred into 10 μl of ERS in a 0.2 ml eppendorf tube and centrifuged at 20,879×g for 20 min at 4°C. The supernatant was used as extract and stored at −80°C. The procedure was repeated to prepare sufficient extract.
Permeabilization of cell membranes, extract treatment and donor cell preparations Donor cells pre-treatment with buffalo oocyte extracts as described by Shuang et al. [50] 
Preparation of recipient cytoplast and hand-made cloning
The recipient cytoplast preparations from BCB selected/ control in vitro matured oocytes and the procedures for HMC as described previously by Shah et al. [51] .
Embryo culture
The activated embryos were cultured using the same culture protocol as described for the IVF embryos and the number of 
Embryo collection and RT-PCR Analysis
Morphologically normal 8-to16-cell stage hand-made cloned embryos from BCB + oocytes with extracts treated cells (ETCs) and IVF embryos collected at 94-96 h.p.a and 94-96 h.p.i, respectively were separately treated using a cell to cDNA kit (Ambion Inc, The RNA Company, Austin, TX) according to the manufacturers' protocol immediately after taking photographs. 10-12 embryos at 8-to 16-cell stage were analysed in each group. The embryos were washed with 200 μl ice cold PBS after which 50 μl of chilled cell lysis buffer was added and the mixture was incubated at 75°C for 10 min in a thermal cycler. Genomic DNA was degraded by incubating the cell lysates in DNase-I at 37°C for 30 min and the remaining activity of DNase-I was inactivated by heating at 75°C for 5 min. For cDNA synthesis, 10 μl of the cell lysates (RNA), 4 μl dNTP mix (2.5 mM each dNTP), 2 μl random decamer taken in 200 μl PCR tube. The reaction mixture was mixed and incubated at 70°C for 1 min to denature RNA for easier binding of primer in a thermal cycler, immediately cool the tubes on ice and add remaining reverse transcriptase reagents; 2 μl 10X RT buffer, 1 μl MMLV reverse transcriptase and 1 μl RNase inhibitor. The reaction mixture was again mixed and incubated in a thermal cycler at 42°C for 60 min and 95°C for 10 min to inactivate the reverse transcriptase. The synthesized cDNA was stored at −80°C until used for amplification step.
PCR reaction was carried out in a 50 μl final volume containing 45 μl platinum PCR supermix (Invitrogen), and 5 μl of primer (200 nM each, Sigma) and template DNA solution, nuclease free water instead of template DNA was taken as negative control. GAPDH was used as the reference gene and the primers sequences were used for GLUT1, OCT4, DNMT1, BAX, BCL2 and GAPDH are mentioned in Table 1 . The PCR conditions were same except the annealing temperature (Table 1) , as 94°C for 2 min (Initial denaturation), denaturation at 94°C for 30 s, elongation at 72°C for 1 min (35 cycles). The amplified DNA fragments were resolved on 2 % agarose gel containing 0.5 μg⁄ml ethidium bromide against a 50-bp ladder and visualized under gel documentation system (Alpha Imager, Alpha Innotech,San Leandro, CA, USA).
Real-time PCR for relative quantification
Real-time PCR (Applied Biosystems 7500 Real-Time PCR system) was performed using SYBR green qPCR supermix (Invitrogen SYBR Green qPCR supermix: Carlsbad, CA, USA) as a double -standard DNA specific fluorescent dye in 25 μl reaction to assess the gene expression of GLUT1, OCT4, DNMT1, BAX, and BCL2 relative to housekeeping gene GAPDH. All gene of interest were analysed in triplicate with different samples. The amplification was carried out in 25 μl volume reaction mixture containing 12.5 μl of SYBR Green qPCR mastermix, 1 μl of primer (10 pM each forward and reverse primer), 2 μl of cDNA template and 9.5 μl of nuclease free water. Samples not exposed to reverse transcriptase (RT) were used as negative controls. For PCR, sample were activated at 95°C for 10 min, followed by 40 cycles of denaturing at 95°C for 45 s, then annealing at the specific primer annealing temperature (Table 1) for 30 s and extension at 72°C for 30 s. The comparative C T method was used for relative quantification of target gene expression levels. Quantification was normalized to the internal control GAPDH gene. Within long-linear phase region of the amplification curve, each cycle doubled the amplified product. The ΔC T value was determined by subtracting the GAPDH C T value for each sample from the target gen C T value. Calculation of ΔΔCT value involved using the highest sample method ΔC T as an arbitrary constant to subtract from all other ΔC T samples values. Fold changes in relative mRNA expression of the target genes were determined using the formula 2 -ΔΔCT .
Statistical analysis
The data were analyzed using SPSS (SPSS Inc. IL, USA). All the values are presented as mean±SEM unless indicated otherwise. Differences among means were analyzed by one way ANOVA after arcsine transformation of the percentage data. The differences were considered significant at P<0.05.
Results
In vitro development of hand-made cloned and IVF embryos
Developmental rates of hand-made cloned and IVF buffalo embryos are summarized in Table 2 (Fig. 2) . Relative expression levels of mRNA transcripts of developmentally important gens revealed there were no significant (P>0.05) differences in the expression of the mRNA transcripts of genes (GLUT1, OCT4, DNMT1, BAX and BCL2) were analysed by real-time PCR between handmade cloned and IVF, 8-to16-cell embryos (Fig. 3) . 
Discussion
The differences in developmentally important gene expression patterns in pre-implantation 8-to 16-cell embryos between hand-made cloned from oocyte extracts pre-treated donor cells and selection of recipient cytoplasts through BCB staining and IVF were studied in order to evaluate their expression during MZT in both group of embryos. Such studies evaluate the viability of manipulated hand-made cloned embryos. The genes under study were selected because they participate in key cellular processes during pre-implantation development and have been reported to become transcriptionally active during MZT [45, 46] . The present experiment evaluated the genes encoding metabolism (GLUT1), pluripotency (OCT4), DNA methylation (DNMT1), pro -apoptosis (BAX) and antiapoptosis (BCL2).
It has been shown that embryo metabolism may be up regulated by in vitro environment. This shift in metabolism has been suggested to be associated with a reduction in viability [52] . Glycolysis and lactate production increased in embryos during in vitro culture [52] . Study in bovine indicates that there were significant differences in the expression of GLUT1 between SCNT and IVF embryos [46] . The reduction of OCT4 expression in bovine cloned blastocysts has been observed [53, 54] . Variation in methylation level of OCT4 was also reported for cloned bovine embryos [55] . In mice, it is generally accepted that OCT4 is down regulated in cloned preimplantation embryos [7] . The DNA methylation has been studied in cloned embryos from numerous species, with the exception of the pig; all species have exhibited global DNA hypermethylation [11, 56] . DNA methylation has been shown to suppress gene expression, which in turn leads to the developmental failure of the cloned embryos, it is essential to identify DNA methylation-related gene expression profiles; especially for the DNA methyl transferases (DNMTs) related genes, which may provide insight between the DNA methylation state and the efficiency of SCNT embryos [57] . The occurrence of apoptosis in pre-implantation embryos has been considered one of the most important parameter for evaluation of embryo health [58, 59] . Apoptosis was first observed in bovine NT embryos at the 4-cell stage, but for in vitro fertilization embryos at 6-to 8-cell stages [60] . Expression of BCL2 and BAX can be correlated with apoptosis, BCL2 inhibits apoptosis by regulating the release of cytochrome-c and other proteins from mitochondria [61] and BAX is pro-apoptotic and accelerates S-phase progression [62] . Study in porcine embryos has shown that there was significantly lower BCL2 mRNA expression in SCNT derived as compared to IVF embryos and correspondingly, higher apoptotic incidence [57] . In several studies, the mRNA expression levels of BAX are used to evaluate embryos quality developed in vitro [46, 57, 63] . We thought that gene expression analysis at the 8-to16-cell stages for two different types of embryos might offer better insight into the reprogramming process and gene expression patterns of pre-implantation NT embryos. It is possible that gene expression analysis at 8-to 16-cell stages in the present study might correspond to gene expression analysis at MZT between hand-made cloned and IVF embryos. Camargo et al. [34] used 8-cell stage embryos collected at 70-74 h.p.a for gene expression analysis of bovine NT embryos at MZT. Therefore in the present study, as an attempt to examine the developmentally important gene expression pattern differences at MZT between two groups of embryos, we collected 8-to16-cell hand-made cloned and IVF embryos. To the best of our knowledge, there are no reports comparing developmentally important gene expression between hand-made cloned embryos derived from BCB stained oocytes with ETCs and IVF embryos.
In the present study a significantly (P<0.05) higher 8-to16-cell embryos and blastocyst development rate was observed in hand-made cloned embryos reconstructed from BCB + oocytes with ETCs (73.9 %, 32.8 %, respectively) as compared to IVF embryos (49.2 %, 24.2 %, respectively). The possible reason for our results may be oocyte extracts have changed chromatin structure of donor nuclei so that recipient cytoplasm was easier to reprogram them or the ability of the BCB stain to be able to differentially select the developmentally competent oocyte. Xenopus oocyte extract have employed to induce somatic cell reprogramming and several reprogramming factors have been identified, e.g., ISWI, FRGY2a/b, BRG1, NPM, and DJ-1 [64] . The use of BCB staining based on the existence of active G6PDH in immature oocytes has recognized to be proficient tool to screen developmentally competent or incompetent oocytes for various species including bovine [26, 27] . Furthermore, when yalk fibroblast were used for interspecies NT after bovine oocyte extract treatment, 8-cell and blastocyst formation rates significantly exceeded [19] . Additionally, in our experiments, the combination of developmentally competent oocytes with ETCs may be further reason for better 8-to16-cell embryos and blastocyst yield in buffalo HMC as compared to in vitro fertilization.
The results from published reports show that the embryonic genome becomes transcriptionally active for GLUT1, OCT4, DNMT1, BAX and BCL2 at the MZT stage [45, 46] . Similar expression profiles for all developmentally important genes at 8-to 16-cell embryos in HMC and in vitro fertilization were observed in our study. Result indicates that the hand-made cloned embryos expressing the same level of transcription activity for these genes as their IVF counterparts at 8-to16-cell stages. This suggests that a similar reprogramming of these genes occurred at 8-to16-cell stages between handmade cloned and IVF embryos. This may be due to improvement of epigenetic reprogramming of donor nuclei in handmade cloned embryos by factors in the oocyte extracts. The pre-treatment of donor cells with oocyte extracts and selection of developmentally competent oocytes through BCB staining for recipient cytoplast preparations enhanced the expression of developmentally important genes GLUT1, OCT4, DNMT1, BAX, and BCL2 in hand-made cloned embryos at levels similar to IVF counterparts which indicates hand-made cloned embryos reconstructed using oocytes extract treated donor cells and selection of recipient cytoplasts through BCB staining are still so fragile. Additionally, the fact that hand-made cloned and IVF embryos were cultured in vitro under the same conditions. Our finding are also consistent with the statement that the level of expression of the genes evaluated at MZT stage may be influenced more by in vitro environment than by the methods used to produce the embryos.
Amarnath et al. [46] reported a significant difference in the expression of GLUT1 between NT and in vitro fertilization derived blastocysts. Studies in mouse model suggest that with in vivo embryos, GLUT1 decreased 50 % in in vitro blastocysts [65] . These reports clearly suggest that viable embryos have higher GLUT1 expression. In our study, the relative expression of GLUT1 in between two types of embryos at MZT stage support the notion that hand-made cloned embryos reconstructed with oocytes extract treated donor cells and selection of recipient cytoplasts through brilliant cresyl blue staining are identical to IVF embryos in their ability to develop to term. Decreased glucose transporter expression triggers BAX-dependent apoptosis in murine blastocysts [66] ; hence it is possible that, the identical level of GLUT1 expression observed in the present study is usually related to similar levels of apoptotic incidence in both the embryos at MZT. The onset of OCT4 embryonic gene expression has been suggested to occur at the 16-cell stage [67] . Interestingly, although some studies did not find expression of OCT4 at the 8-cell, or even at the 16-cell stage [67, 68] , we were able to detect it in all embryos at 8-to16-cell stage. In the present study, we used real time-PCR, which may have enabled us to measure small amount of this transcript even in a fraction of (1/16) of the cDNA obtained from 8-to 16-cell embryos. This suggests that embryonic expression of OCT4 may start before the 16-cell stage.
It has been reported that the in vitro culture of embryos has great influence not only on gene expression, but also on postnatal growth and behaviour [69] . Bovine embryos produced in vitro have shown different gene expression when compared with their in vivo counterparts [70] . The embryo culture conditions seem to induced these differences in gene expression [71] . The changes in gene expression in bovine embryos produced by NT are associated more with in vitro culture conditions than with NT, was reported by Park et al. [72] . Other studies by semi-quantitative or competitive reverse transcription-PCR (RT-PCR) have reported differences in gene expression between NT and IVF embryos [34, 73] . This divergence among experiments may be due to different protocols used to produce and culture embryos, different methods to assess gene expression profile.
In assisted reproductive technology, blastocyst morphology is quite often used as measures for selection of viable embryos produced in vitro for embryo transfer. Embryo transfer of the selected NT embryos allows for average of 4.7 % of the transferred embryos to develop to term in buffalo [74] . Evaluation of gene expression profiles in our study suggest that no differences in the gene expression profiles among the morphologically dissimilar embryos at MZT may contribute to the less variations observed in their potential to develop to blastocyst. Obviously, many other genes are involved in the pre-implantation and successful development of a mammalian embryos and additional research will increase our understanding of both nuclear reprogramming events following somatic cell NT and embryonic development in this species. In addition, the identification of genes whose expression profiles are frequently abnormal in cloned embryos will provide markers for diagnosis of cloned embryos viability prior to embryo transfer and therefore, potentially negate the time and money-consuming transfer of non-viable embryos to recipient animals. Moreover, most of the study related to the evaluation of differences between NT and IVF embryos reported in previous work have been carried out considering the morula and blastocyst stage, were difference in gene expression profile may be more obvious compare to MZT stage [34, 46, 75] , so future study can also be consider to find out any differences in the relative abundance of transcripts of these genes between these two groups of embryos at morula or blastocyst stage.
The results concluded that, HMC derived embryos from pre-treatment of donor cells with oocyte extracts and selection of developmentally competent recipient cytoplasts through BCB staining revealed expression of developmentally important genes GLUT1, OCT4, DNMT1, BAX, and BCL2 at levels similar to IVF counterparts at 8-to 16-cell stages. These results also support the notion that if developmental differences observed in HMC and in vitro fertilization produced foetuses and neonates are the results of aberrant gene expression during the pre-implantation stage, those differences in expression are subtle or appear after the MZT stage of development.
